Background: Korean Red Ginseng (steamed and dried white ginseng, Panax ginseng Meyer) is well known for enhancing vital energy and immune capacity and for inhibiting cancer cell growth. Some clinical studies also demonstrated a therapeutic potential of ginseng extract for treating lung inflammatory disorders. This study was conducted to establish the therapeutic potential of ginseng saponins on the lung inflammatory response. Methods: From Korean Red Ginseng, 11 ginsenosides (Rb1, Rb2, Rb3, Rc, Rd, Re, Rf, Rg1, Rg2, Rg3, and Rh2) were isolated. Their inhibitory potential and action mechanism were evaluated using a mouse model of lung inflammation, acute lung injury induced by intranasal lipopolysaccharide administration. Their anti-inflammatory activities were also examined in lung epithelial cell line (A549) and alveolar macrophage (MH-S). Results: All ginsenosides orally administered at 20 mg/kg showed 11.5e51.6% reduction of total cell numbers in bronchoalveolar lavage fluid (BALF). Among the ginsenosides, Rc, Re, Rg1, and Rh2 exhibited significant inhibitory action by reducing total cell numbers in the BALF by 34.1e51.6% (n ¼ 5). Particularly, Re showed strong and comparable inhibitory potency with that of dexamethasone, as judged by the number of infiltrated cells and histological observations. Re treatment clearly inhibited the activation of mitogen-activated protein kinases, nuclear factor-kB, and the c-Fos component in the lung tissue (n ¼ 3). Conclusion: Certain ginsenosides inhibit lung inflammatory responses by interrupting these signaling molecules and they are potential therapeutics for inflammatory lung diseases.
Introduction
Lung diseases including acute bronchitis and chronic obstructive pulmonary disease (COPD) are essentially inflammatory disorders. Especially, many inflammatory parameters are involved in provoking and exacerbating COPD which comprises chronic asthma, chronic bronchitis, and emphysema. Oxidative stress and nitric oxide induce inflammatory responses in the lungs. Proinflammatory cytokines and chemokines are released from lung epithelial cells and infiltrated inflammatory cells in the affected area. Extracellular matrix degradation enzymes such as matrix metalloproteinases are also involved [1, 2] . Because of these complex pathological processes, it is difficult to control COPD. The currently available drugs such as steroids and bronchodilators only relieve the symptoms of COPD. The newly developed drugs may not give satisfactory results since identification of critical target molecules in COPD has not yet been successful [3, 4] . Thus, herbal drugs and plant-originating compounds have been continuously explored in the hope to find novel potential agents.
The roots of Panax ginseng Meyer (white ginseng) are popular for enhancing vital energy and immune capacity and for inhibiting cancer cell growth. Its major constituents are various ginsenosides that exhibit numerous pharmacological activities, including enhanced vitality, immune modulation, anticancer activity, and a cartilage protective action [5e8] . Ginseng has been used in Korean traditional herbal medicine for treating cough (Docksamtang) as a sole ingredient or as one of the ingredients in several complex prescriptions, such as Insamyeunpewhan [9] . Ginseng extracts and several ginsenosides possess anti-inflammatory activities. For example, the ginsenoside Rg1 possesses anti-inflammatory action in vitro and in vivo in a glucocorticoid receptor-dependent manner [10] . Various ginsenosides regulate the production of proinflammatory molecules, such as cyclooxygenase-2, cytokines, and chemokines. They also prevent oxidative and nitrosative stress. These anti-inflammatory actions of ginsenosides have been well summarized [11, 12] . Particularly, some ginsenosides inhibit activation of the p38 mitogen-activated protein kinase (MAPK) pathway in vitro [5, 10, 13] . As p38 MAPK signaling pathway is involved in provoking COPD [14e16] , regulating p38 MAPK activation by some ginsenosides may provide a new therapeutic strategy for controlling inflammatory lung disorders.
The therapeutic effects of ginseng extracts and some ginsenosides against asthma have been well documented [17e19]. However, only the therapeutic potential of ginsenoside Rg5 has been reported for inflammatory lung disorders [20] . Small limited clinical studies have demonstrated potential therapeutic efficacy of ginseng extract for patients with COPD [21, 22] . Korean Red Ginseng (steamed and dried white ginseng) extract was also found to prevent acute respiratory illness in a clinical study [23] . In our preliminary study, a hot water extract of Korean Red Ginseng possessed strong inhibitory activity against a mouse model of acute lung injury. These findings led us to examine the effects of ginsenosides on lung inflammation and the MAPK pathway. To the best of our knowledge, this is the first report showing in vivo inhibition of lung inflammation by various ginsenosides and their therapeutic potential.
Materials and methods

Chemicals
2-Amino-5,6-dihydro-6-methyl-4H-1,3-thiazine hydrochloride (AMT) was purchased from Tocris Cookson Ltd. (Avonmouth, Bristol, UK). 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), dexamethasone, interleukin (IL)-1b, and lipopolysaccharide (LPS, Escherichia coli 0127:B8) were purchased from Sigma-Aldrich Inc. (St. Louis, MO, USA). Compound K-enriched fraction (5%) was obtained from Fleton Natural Products Co. (Chengdu, China). The protein assay kit was purchased from Bio-Rad Lab (Hercules, CA, USA). All antibodies relating to MAPK and nuclear transcription factor-kB (NF-kB) signaling were purchased from Cell Signaling Technologies (Dancers, MA, USA). b-actin antibody was obtained from Bethyl Laboratories, Inc. (Montgomery, TX, USA). Lamin B1 antibody was purchased from Bioworld technology (Minneapolis, MN, USA).
Preparation of ginseng extracts and isolation of the ginsenosides
Panax ginseng Meyer was cultivated for 6 yrs in Korean peninsula under the supervision of the experts of KT&G Corporation (KT&G, Korea). The roots (white ginseng) were collected and dried. Korean Red Ginseng was manufactured by steaming and drying white ginseng in KT&G. The hot water extract was prepared (February 2015) and provided from KT&G. The dried extract was subsequently dissolved in distilled water and fractionated with n-butanol three times. The combined butanol fraction was again centrifuged to remove traces of large polar particles (sugar), evaporated, and freeze-dried to yield the saponin-enriched fraction for the subsequent counter-current column chromatographic separation. HPLC chromatogram of saponin-enriched fraction is shown in Fig. 1A . The counter-current column chromatography was carried out using solvent gradients composed of methylene chlorideemethanoleisopropanolewater (different ratios, v/v). Finally, 11 ginsenosides were purified from red ginseng following the reported counter-current column chromatographic technique [24] , including Rb1, Rb2, Rb3, Rc, Rd, Re, Rf, Rg1, Rg2, Rg3, and Rh2. Compound K was also purified using the same counter-current column chromatography. Methylene chlorideemethanoleisopropanolewater (10:6:1:4, v/v/v/v) was used as the two-phase solvent system for counter-current column chromatography. The sample solution was prepared by dissolving the compound K-enriched fraction (200 mg) in 10 mL of the lower and upper phases (1:1, v/v) of the solvent system used. The apparatus was then rotated at 880 revolutions per minute (rpm), and the lower mobile phase was pumped into the head end of the column at a flow rate of 1 mL/min. The eluent was continuously monitored by a connecting tail outlet of the coiled column that was coupled with the evaporative light scattering detection (ELSD) system through a split valve with a 1:16 split ratio. The ELSD system was set to a probe temperature of 60 C and a gain of 3.0, and the nebulizer N 2 gas was adjusted to 2.5 bar. Each peak fraction corresponding to compound K was collected and evaporated to yield the pure compound K. The chemical structures of ginsenosides studied in the present investigation are shown in Fig. 1B. 
Animals
Male Imprinting Control Region (ICR) mice (male, 18e22 g, specific pathogen-free) were obtained from KOATECH (Pyeongtaek, Gyeonggi, Korea). Animals were fed with standard laboratory chow and water ad libitum. The animals were maintained in an animal facility of Kangwon National University (KNU) at 20e22 C, under 40e 60% relative humidity, and a 12 h/12 h (light/dark) cycle for at least 7 d prior to the experiment. The experimental design using the animals was approved by the local committee for animal experimentation, KNU (KW-150902-1). In addition, the ethical guideline described in the Korean Food and Drug Administration guide for the care and use of laboratory animals was followed throughout the experiments.
Inhibition of ginsenosides against LPS-induced airway inflammation in mice
For evaluating the pharmacological activity of ginsenosides on lung inflammation, an animal model of LPS-induced acute lung injury (ALI) was used [25, 26] . Mice were divided into the groups including control, LPS-treated, LPS/Korean Red Ginseng extracttreated, LPS/ginsenosides (20 mg/kg)-treated and LPS/dexamethasone (30 mg/kg)-treated (n ¼ 5). After dissolving in 0.3% carboxymethylcellulose, the test compounds and dexamethasone were orally administered to mice. The same amounts of vehicle were also treated to the control and LPS-treated groups. After 1 hr, LPS (2 mg/kg in phosphate-buffered saline) was administered intranasally to mice (10 mL/mouse, 5 times, total 50 mL) to induce bronchitis according to a previous study [23] . At 16 h after LPS treatment, mice were sacrificed, and bronchoalveolar lavage fluid (BALF) was collected via intratracheal cannulation after 700 mL infusion of phosphate-buffered saline three times. The BALF collected was approximately 2,000 mL/ mouse. Total cell number in the BALF regarded as an inflammatory marker was counted using a hemocytometer, and the cells were differentially counted with the fluorescence-activated cell sorter (FACS) (BD Biosciences, San Jose, CA, USA).
Inhibition of ginsenoside Rc and Re against LPS-induced lung inflammation
For the dose-dependent study and elucidation of action mechanism, mice were treated with LPS and different doses of ginsenosides Rc and Re (6e50 mg/kg, n ¼ 8). After sacrifice, BALF was obtained, as described above (n ¼ 5). The lungs of remaining mice were excised, and three samples were used for histological observation. The lungs were fixed in formalin solution, and conventional hematoxylin and eosin (H&E) staining was performed.
Action mechanism study in vivo
For measuring the levels of MAPK activation, mice were treated with LPS and ginsenoside Re, as described above (20 and 50 mg/kg, n ¼ 3). After 2 hrs, mice were sacrificed, and the lungs were excised [27] . A part of the lungs (20 mg each) in 300 mL of Pro-Prep solution (iNtRON Biotechnology, Seongnam, Korea) containing 1mM phenylmethanesulfonyl fluoride (PMSF) and 1:100 dilution of phosphatase inhibitor cocktail (Sigma, St. Louis, MO) were homogenized, and cellular homogenates were obtained. Electrophoresis was performed in 12% gels. The transferred polyvinylidene difluoride (PVDF) membranes were incubated for 1 h in 5% skim milk for blocking and treated with primary antibodies overnight at 4 C. The membranes were incubated with secondary antibody (Enzo, Farmingdale, NY, USA) at 1:5,000 dilution for 1 h. The bands were detected by enhanced chemiluminescence (BioNote, Hwaseong, Korea). The intensities of each blot were analyzed by ImageJ (NIH, Bethesda, MA, USA).
For measuring the activation levels of transcription factors, nuclear transcription factorekB (NF-kB), c-Jun, and c-Fos were identified in nuclear form. To obtain nuclear proteins, the remaining parts of the lung tissues (50 mg) were homogenized in 500 mL of buffer A (10mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), pH 7.9, 10mM potassium chloride (KCl), 0.1mM ethylenediaminetetraacetic acid (EDTA), 1mM dithiothreitol (DTT), 0.5mM phenylmethylsulfonyl fluoride (PMSF), 0.5mM sodium fluoride (NaF), 0.5mM sodium orthovanadate, 0.1mM aprotinin, 0.1mM leupeptin). After adding 25 mL of 10% Nonidet P-40 (NP-40), the solution was vortexed for 10 sec and centrifuged at 15,000 rpm for 5 min at 4 C. The nuclear pellet was dissolved in buffer B (20mM HEPES, pH 7.9, 0.4M sodium chloride, 1mM EDTA, 1mM DTT, 1mM PMSF, 1mM phosphatase inhibitor cocktail, 1mM protease inhibitor cocktail) and centrifuged at 13,000 rpm for 10 min at 4 C. The bicinchoninic protein assay (Thermo Scientific Hyclone, Logan, UT, USA) was used to determine the protein concentration in the nuclear fraction. The supernatant was subjected to electrophoresis in 10% gels. Western blot analysis was performed using the same procedures as described above. The bands were detected by enhanced chemiluminescence (West Femto Luminol/Enhancer Solution, Thermo Scientific, Rockford, IL, USA).
Inhibition of ginsenosides against the inflammatory responses of lung epithelial cells and alveolar macrophages in vitro
For evaluating the inhibitory action on cell levels, lung-related cell lines were used. A549 cells, a human lung epithelial cell line, were obtained from American Type Culture Collection (ATCC, Rockville, VA). Cells were cultured and stimulated with IL-1b (10 ng/ mL) according to previously reported procedures [28] . After 4 hrs, media was collected, and the concentration of IL-6 was determined from the media using the enzyme linked immunosorbent assay (ELISA) kit (eBioscience, San Diego, CA, USA), according to the manufacturer's recommendations. In addition, MH-S cells, a mouse alveolar macrophage cell line, obtained from ATCC were cultured and stimulated with LPS (0.1 mg/mL), according to the previously described procedures [29] . After 24 h of incubation, media was collected and nitric oxide (NO) concentration was determined as the stable conversion product of NO, nitrite (NO 2 -) using Griess reagent.
The cell viability was checked using an MTT bioassay, as previously described [30] . The test compounds including reference drug agents were dissolved in dimethylsulfoxide and properly diluted with complete media. The final concentration of dimethylsulfoxide in the cell culture was adjusted to 0.1% (v/v), and this concentration of dimethylsulfoxide did not affect the cell viability and the levels of IL-6 and NO production (data not shown).
Statistical analysis
Experimental values were represented as arithmetic mean AE SD. The one way analysis of variance followed by Dunnett's test was used to determine the statistical significance. For the analysis, IBM SPSS Statistics version 22 (IBM, Armonk, NY, USA) was used.
Results
Effects of ginsenosides on LPS-induced lung inflammation
In an animal model of ALI, LPS administration to mice via intranasal route produces bronchitis-like symptoms in the lung tissue, including infiltration of inflammatory cells, upregulation of proinflammatory cytokine/chemokine concentrations, and histological changes in the lung tissue [26] . In this study, LPS treatment elevated the total number of cells in the BALF, as expected. Under this condition, Korean Red Ginseng extract clearly reduced the total number of cells in the BALF by 81.3% and 98.0% at 100 mg/kg and 400 mg/kg, respectively ( Fig. 2A) . Dexamethasone (30 mg/kg) was used as a reference drug and also strongly inhibited number of cells in the BALF (90.8%). All 11 ginsenosides tested showed some inhibitory activity (11.5e51.6% reduction in total cell numbers) when administered orally at 20 mg/kg (Fig. 2B) . Among the ginsenosides, Rc, Re, Rg1, and Rh2 significantly inhibited total cell numbers by 49.0%, 51.6%, 39.2%, and 45.2%, respectively, at 20 mg/kg in the BALF.
Dose-dependent inhibition of lung inflammation by ginsenosides, Rc and Re
Next, the dose-dependent inhibitory activity of the most active ginsenosides (Rc and Re) was examined. Oral administration of Rc and Re reduced total cell numbers in the BALF at doses of 6e50 mg/ kg (Figs. 3A and 3B) . Rc reduced total cell numbers by 17.7%, 35.7%, and 39.6% at 6 mg/kg, 20 mg/kg, and 50 mg/kg, respectively. The percent inhibition values by Re were 46.1%, 39.1%, and 72.3% at 6 mg/kg, 20 mg/kg, and 50 mg/kg, respectively. FACS analysis also revealed that Rc and Re strongly reduced neutrophil and macrophage infiltration into the lungs. Histological observations of inflamed lung tissues demonstrated that LPS-treated lungs showed hyperplasia of the alveolar walls and infiltration of inflammatory cells by H&E staining (Fig. 3D) . Re (50 mg/kg) strongly inhibited these lung inflammatory responses. Re reduced hyperplasia and recruitment of inflammatory cells. These histological observations confirm the FACS findings that Re reduced infiltration of inflammatory cells into the lung tissue. Dexamethasone (3e30 mg/kg) also strongly reduced these inflammatory markers including the HPLC conditions were as follows: eluent A, water; eluent B, acetonitrile; gradient, 0e6 (18e23% B), 6e48.5 (23e40% B), and 48.5e55 min (40e100% B); and equilibrated with 18% B for 5 min at a flow of 1 mL/min. The ELSD system was set to a probe temperature of 60 C and a gain of 9.0, and the nebulizer N 2 gas was adjusted to 2. histological changes (Figs. 3C and 3D) . Notably, the ginsenosides Rc and Re showed comparable potency with that of dexamethasone.
Cellular mechanism of action of the ginsenoside Re
The most active ginsenoside, Re, was administered orally to LPStreated mice, and the lung tissues were excised to elucidate the mechanism of inhibitory action(s) for the inflammatory lung responses. The MAPK activation level was examined in cellular homogenates by Western blotting analysis. As shown in Fig. 4A , the activation of p38 MAPK and c-Jun-activated protein kinase (JNK) among the three principal MAPKs [p38 MAPK, extracellular signalregulated kinase (ERK), and JNK] examined was significantly inhibited by Re treatment. The activation of ERK tended to be inhibited, but not significantly. ERK was only slightly activated in LPS administrated lung tissue when compared to that of the basal level.
Nuclear levels of transcription factor components, such as NF-kB and activator protein-1 (AP-1), were examined by Western blotting analysis of the nuclear fraction of the lung homogenate. and c-Fos. However, nuclear c-Jun level in the lung tissue did not change in response to LPS-treatment. These findings suggest that Re inhibits lung inflammation, at least in part, by blocking MAPKs/ NF-kB/c-Fos activation leading to the generation of proinflammatory molecules.
Effects of ginsenosides Rc, Re, and compound K on the inflammatory responses of A549 and MH-S cells
A549 and MH-S cells were used to evaluate inhibitory activity of the inflammatory response in lung cells. The A549 lung epithelial cell line produces IL-6 when challenged with IL-1b (Fig. 5A) . However, when the cells were treated with 11 ginsenosides at noncytotoxic concentrations of 10mM and 20mM, they did not significantly inhibit IL-6 production. The ginsenosides did not inhibit inducible nitric oxide synthase (iNOS)-catalyzed NO production in LPS-treated MH-S cells, which is an alveolar macrophage cell line (Fig. 5B) . The reference compounds, dexamethasone and AMT (an iNOS inhibitor), potently inhibited IL-6 and NO production, respectively. In order to establish the role of the ginsenoside metabolite, the inhibitory action of compound K along with Rc and Re was examined in the same cell lines. As shown in Figs. 5C and 5D, compound K, an active metabolite of ginsenosides, showed significant inhibitory action on these two cell lines. Ginsenosides Rc and Re did not exert inhibitory action at 20e100mM as expected.
Discussion
The present investigation clearly demonstrates that Korean Red Ginseng extract (100e400 mg/kg) and various ginsenosides (20 mg/kg) possessed inhibitory actions on lung inflammatory responses in an animal model of ALI after oral administration. Particularly, ginsenosides Rc and Re (6e50 mg/kg) possessed strong and significant inhibitory actions in the same animal model. Re inhibited MAPKs, NF-kB, and c-Fos activation in the lung tissues. These findings support the notion that ginsenosides have the potential to inhibit lung inflammation, at least in part, by interrupting these activation pathways.
On the other hand, all of the ginsenosides isolated from Korean Red Ginseng did not significantly inhibit the inflammatory responses of lung-related cells in vitro under non-cytotoxic concentrations (10mM and 20mM). However, the reason for their inefficacy on these cells is unclear. We speculate that the ginsenosides may need to be transformed to active metabolites by intestinal and liver metabolism before exerting their activity in the body. Compound K is known to be one of the main active metabolites of ginsenosides formed by intestinal metabolism [31] . Contrary to the inactive nature of the ginsenosides isolated, compound K was found to inhibit inflammatory responses of lung-related cells. Thus, it may be suggested that orally administered ginsenosides may be transformed to active metabolites, such as compound K, which exert inhibitory activity in cells and in the lungs. Based on these findings, it should be mentioned that in vitro finding of pharmacological activity of ginsenosides needs a cautious interpretation since certain ginsenosides may show negative results in vitro while they are possibly active intrinsically by oral administration in vivo.
Ginseng and Korean Red Ginseng have been widely used to enhance vitality and immune function, prevent the common cold, and improve skin condition. Ginseng has been prescribed in traditional herbal medicine as an ingredient of various antitussive remedies. Of these, Docksamtang, in which ginseng is the only ingredient, has been used for treating cough [9] . These traditional uses suggest the effectiveness of ginseng against lung inflammatory disorders. The therapeutic potential of ginseng for COPD has also been suggested [12] . Our present results clearly provide supporting evidence from an in vivo experiment. Ginsenosides affect various signal transduction molecules involved in inflammation and immune regulation, including MAPKs, NF-kB, AP-1, and signal transducer and activation of transcription [7] . In the present study, ginsenoside Re inhibited the activation of MAPKs and transcription factors, such as NF-kB and c-Fos, in vivo. In particular, inhibition of the p38 MAPK pathway by ginsenosides is important as this kinase is critically related to lung inflammation [32] . Additionally, NF-kB is a well-known transcription factor that stimulates cytokine production leading to the inflammatory response. Thus, the inhibitory potential of Re and probably other ginsenosides in these pathways could contribute to their in vivo lung anti-inflammatory action. Notably, activation of cFos in the lung tissue by LPS is reported for the first time in this study. We detected c-Fos bands using the enhanced chemiluminescent technique, although the band intensities were very weak.
We tested 11 ginsenosides, and some showed action comparable with that of dexamethasone, which is a potent steroid. Among the ginsenosides tested, the most active were Rc, Re, Rg1, and Rh2. Rc belongs to panaxadiol class, whereas ginsenosides, such as Re and Rg1, are panaxatriols. Due to their diverse chemical structures, it was not possible to establish the structural-activity relationships of the ginsenosides against lung inflammation. Nevertheless, the present study has merits in that the in vivo inhibitory actions of major ginsenosides against lung inflammation were demonstrated for the first time, except Rg5 was previously shown to inhibit lung inflammation [26] . It is also important to note that the inhibition was demonstrated after oral treatment in mice. The doses showing activity were 6e50 mg/kg of Rc and Re, which are approximately equivalent to 360 mge3 g/person. Administering a particular ginsenoside (360 mg/person) may be feasible when pharmacologically treated. Korean Red Ginseng extract showed inhibitory activity at 100 mg/kg in the present study. It is possible that an equivalent dose of ginseng extracts (6 g/person) could be ingested orally. Thus, Korean Red Ginseng extract and some ginsenosides may be effective against some lung inflammatory disorders, such as bronchitis and COPD. A well-designed clinical study is strongly suggested to demonstrate the clinical effectiveness of ginseng and ginsenosides in the near future.
In conclusion, the inhibitory action of Korean Red Ginseng and 11 major ginsenosides on lung inflammation was studied. Certain ginsenosides and Korean Red Ginseng extract inhibited lung inflammation after oral treatment. In particular, the ginsenoside Re showed strong and significant inhibitory action against lung inflammation, at least in part, by interrupting the MAPKs/NF-kB/cFos signaling pathways.
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